The objective of this study was to develop a simple and useful injection protocol for imaging cadaveric vascularization and dissection. Mixtures of contrast agent and cast product should provide adequate contrast for two types of ex vivo imaging (MRI and CT) and should harden to allow gross dissection of the injected structures. We tested the most popular contrast agents and cast products, and selected the optimal mixture composition based on their availability and ease of use. All mixtures were first tested in vitro to adjust dilution parameters of each contrast agent and to fine-tune MR imaging acquisition sequences. Mixtures were then injected in 24 pig livers and one human pancreas for MR and computed tomography (CT) imaging before anatomical dissection. Colorized latex, gadobutrol and barite mixture met the above objective. Mixtures composed of copper sulfate (CuSO 4 ) gadoxetic acid (for MRI) and iodine (for CT) gave an inhomogeneous signal or extravasation of the contrast agent. Agar did not harden sufficiently for gross dissection but appears useful for CT and magnetic resonance imaging (MRI) studies without dissection. Silicone was very hard to inject but achieved the goals of the study. Resin is particularly difficult to use but could replace latex as an alternative for corrosion instead of dissection. This injection protocol allows CT and MRI images to be obtained of cadaveric vascularization and anatomical casts in the same anatomic specimen. Post-imaging processing software allow easy 3D reconstruction of complex anatomical structures using this technique. Applications are numerous, e.g. surgical training, teaching methods, postmortem anatomic studies, pathologic studies, and forensic diagnoses.
Introduction
The first knowledge of vascular anatomy was obtained from dissections on animals by Herophilus (ca. 340 BC) and then . Vesalius (1543) established the basis of human vessel anatomy from extensive cadaveric dissections (Bergeron et al. 2006) . Injection of dyes to delineate vessels during dissection was first used by Jean Riolan (1580-1657). Many dyes were used afterwards for the study of vessels anatomy such as saffron, carmine, Prussian blue, India ink, and silver nitrate (Fye, 1984) . During the 17th and 18th centuries, Lower, Swammerdam, de Graaf and Ruysch were the first anatomists to use fluid vector that solidifies (wax) direct vascular injections to facilitate the dissections (Fye, 1984; Bergeron et al. 2006; Grabherr et al. 2007 ). Discovery of X-ray in 1895 by R€ ontgen allowed injection of radiopaque markers. Heinrich Hildebrand published a stereoscopic atlas of roentgenograms of the human arterial system in 1901 (Fye, 1984) . Since these scientific insights, particularly during the first half of the 20th century, numerous contrast agents and injection techniques have been introduced (Grabherr et al. 2007 (Grabherr et al. , 2015 .
Precise knowledge of vascular anatomy is still necessary, especially for planning surgical strategies (Zhao et al. 2002) such as perforator flap reconstructions (Kamali et al. 2016) and liver resection (Xiao et al. 2016) . Currently, magnetic resonance imaging (MRI) and computed tomography (CT) are the accepted diagnostic tools in angiography, largely used in preoperative studies, but also for teaching methods, postmortem anatomic, pathologic, and forensic diagnoses, since colored fixated vessel system actually helps in pathological or forensic diagnosis (Grabherr et al. 2007; Bruguier et al. 2015; Blery et al. 2016) . These rapidly developing techniques have allowed high-quality angiograms to be obtained (Zhang et al. 2007; Pabst et al. 2014; Saran et al. 2014) as well as creating virtual reality applications and 3D visualizations in surgery education (Lange et al. 2000; Friedl et al. 2002; Kamali et al. 2016; Pujol et al. 2016) .
Ex vivo studies provide excellent models to study vascular trees and their variations (Rees & Taylor, 1986; Plaisant et al. 1998; Stokes et al. 1998; Friedl et al. 2002; Zhao et al. 2002; Godat et al. 2004; Bergeron et al. 2006; Zhang et al. 2007; Ruder et al. 2014; Grabherr et al. 2015; Blery et al. 2016; Kingston et al. 2016; Xiao et al. 2016) . Ex vivo anatomical studies allow the injection of a permanent mixture, including casting techniques (Bergeron et al. 2006; Grabherr et al. 2007) . But in modern medical diagnostic angiography methods, the contrast agent must be harmless and has to remain liquid, as in the field of forensic diagnosis, because the contrast mixture must be able to be washed out without leaving any traces in the body. Unfortunately, due to the advantages of CT-/MR-angiography with excellent 3D-reconstruction software, historical contrasts agents are no longer used for ex vivo studies nowadays, in particular the barium sulfate, silicone and latex rubber techniques (Grabherr et al. 2007 ).
The ideal mixture for ex vivo anatomical studies should be radiopaque for CT imaging, but should also provide contrast enhancement in MRI since 3D reconstruction of MRI angiograms has revealed details and rendered possible measurements that have until now not been even contemplated (Plaisant et al. 1998; Grabherr et al. 2007 Grabherr et al. , 2015 . In addition, this mixture should be colored and should harden, for direct dissection to be measured, photographed and compared with imaging results (Plaisant et al. 1998; Godat et al. 2004 ).
The purpose of this study was to develop a colored, reliable, reproducible and easily obtainable mixture in an anatomy laboratory that can both produce a contrast on CT and MRI analysis, and become sufficiently hard to allow easy gross dissections after imaging.
Materials and methods

Contrast agent
Contrast agents were prepared in latex, silicone, agar or gelatin and resin (polyurethane) compounds with different colorants (acrylic paints or pigment). These substances are summarized in Table 1 . Silicone, agar and gelatin solution required dilutions to obtain sufficient low viscosity for manual injection. The dilution ratios were assessed experimentally or based on the literature. All mixtures were systematically tinted using colorant, as already advised by the manufacturers (Table 1) . Since we choose only nontoxic and safe contrast agent and solution, all mixtures were prepared in 50-mL clear conical Falcon â tubes (Dutsher â , Brumath, France) on the laboratory bench.
The agar solution was obtained using 12 g agar powder mixed with 1000 mL demineralized water. The agar powder was gradually added to the boiling water. Powder should simmer for about 5 min to allow it to jellify. This liquid will begin to become gel when temperature falls below 45°C, so it has to be made up just before injection. As the mixture cooled down, colorant and contrast agent were incorporated gradually while being agitated to obtain a homogeneous suspension and to avoid air bubbles. Silicone rubber and polyurethane resin were also prepared just before injection since once the hardener was added, they solidified quickly.
For CT, we tested iodine, barium sulfate and aluminum as a contrast agent media. For MRI, we tested copper sulfate (CuSO 4 ), gadoxetic acid and gadobutrol. For both CT and MRI agent contrast preparations we tested different concentrations. These are summarized in Table 2 .
Specimen preparation
First, in vitro acquisitions were performed using 15-mL clear conical Falcon â tubes (Dutsher â ) immerged in water. Contrast agent and solutions tested are summarized in Table 2 .
Second, ex vivo porcine experiments were carried out. Twentyfour fresh pig livers were injected ex vivo with different mixtures and dissected in our anatomy laboratory by a surgeon. The livers came from the Nancy School of Surgery, Lorraine University, France, and were removed after surgical training sessions. This educational activity was approved by the CELMEA (Comit e d'Ethique Lorrain en -547-5) . If liver surgery was performed on the pig, the organ was not removed. During the procedure, attention was paid to the aspect of the liver pedicle, in particular the hepatic artery. different mixtures were injected through a 19-gauge catheter inserted into hepatic artery of pig livers. A suture was tied around the vessel (with the catheter in the lumen) to hold the catheter in place. Injections through the hepatic artery of pig livers were performed either in the anatomy laboratory (9 pig livers), either in the MRI suite (15 pig livers), using a 20-mL syringe (BD Medical â , Le Pont-de-Claix, France). The injection was done manually and very gradually, until the colored mixture was seen on the organ surface; 20-50 mL was sufficient systematically to fill the pig liver arterial tree.
Before MR and CT examinations, pig livers were kept at 12°C and then scanned at room temperature.
Finally, imaging on a 76-year-old female cadaver with injected pancreas vessels was performed. The cadaver was donated to the Department of Anatomy, Faculty of Medicine and University Hospital, Lorraine University, for anatomical education and research. This cadaver was studied following all ethical rules of work on cadaver material in our institution. A blue mixture was injected manually through a catheter introduced into the portal vein. Once the mixture was visible in the supra-and infra-mesenteric veins, these latter were clamped. A red mixture was injected in the supramesenteric artery. The abdominal aorta was previously clamped above the celiac trunk, and below the origin of the supra-mesenteric artery. The injection was stopped when the red mixture filled the hepatic artery, the splenic artery and the right gastric artery. The dissection was done using a scalpel, small dissection forceps and scissors.
MR imaging
MR experiments were performed on a 3T MR scanner (Signa HDxt; GE Healthcare, Milwaukee, WI, USA) with an 8-channel surface phased-array coil (8US TORSOPA). A 3D Fast Spoiled Gradient Echo (FSPGR) sequence was used for all images with varying parameters depending on the specimen type and size. The parameters used for each type of image are summarized in Table 3 .
CT imaging
All examinations were performed using a 256-slice multidetector CT scanner (Revolution, General Electric Healthcare, USA) with the helical mode. The following parameters were used: 1.0 mm collimation, 120 kV, 110 mA, pitch 2, slice thickness 0.62 mm, matrix 512 9 512 and a field of view of 275 9 275 mm 2 . 2 (gap: 1) 20°0.8 9 1.2 9 2 to 0.9 9 1.4 9 2 Ex vivo human pancreas 7.4 2.9 6 360 9 290 290 9 290 0.6 (gap: 0.3) 20°0.6 9 1 9 0.6
Image data analysis
All post-processing was conducted with the 3D maximum intensity projection technique using Object Research System (ORS) Visual software version 1.5 (Montreal, Canada).
Signal characteristics were obtained by manually drawing a circular region of interest (ROI) of similar size (diameter 9-10 mm). ROIs were placed over the tubes and the vessels lumen of the pig livers.
To evaluate the extent of the enhancement of different mixtures to the structure, a new concept, enhancement efficiency, is defined for this study, as an analogy to the enhancement ratio used in MR perfusion studies (Hylton, 2006) . The enhancement efficiency (E) was defined by subtracting the mean intensity in the non-injected vessel (meanðI noninjectedÀvessel Þ) or tube from the injected same structures (liver tissue for ex vivo porcine specimen and water tube for in vitro experiments, (meanðI injectedÀtissue Þ) divided by the noninjected same structuresmeanðI injectedÀtissue ÞðEq:1Þ. This parameter is expressed in percentage. We consider an enhancement efficiency of 80% and above as a sufficient enhancement.
For CT, target attenuation of 250 Hounsfield Units (HU) within the lumen (Nikolaou et al. 2004a,b) was considered sufficient intraluminal contrast enhancement for correct visualization and 3D reconstruction.
Results
In vitro tests
MRI and CT signal characteristics for all mixture are summarized in Table 4 .
Briefly, we first mixed latex with iodine or barite (for CT) and CuSO 4 or gadoxetic acid (for MRI), providing good and homogeneous contrast. Silicone or agar mixed with the same contrast agents showed similar results as the latex one. The best concentrations of contrast agents for adequate contrast were 3 or 4 g L À1 for CuSO 4 , 10% for barite, 20 mg mL À1 for iodine and 4 mL L À1 for gadoxetic acid (see Table 4 for detailed contrast enhancement efficiencies and concentrations). It is necessary to emphasize that the MRI sequence should be performed with a higher flip angle of 40°when using silicone as compared with a 20°flip angle with latex or agar. Although CuSO 4 , gadoxetic acid (for MRI) and iodine (for CT) are simple to use and provide satisfactory contrast enhancement, the signal was not homogenous, either at CT or MRI. In fact the contrast was more intense in the base of these tubes, probably because gadoxetic acid, CuSO 4 and iodine (but not barite) may sediment slightly. We then tested gadobutrol, a non-ionic, macrocyclic gadoliniumbased MRI contrast agent, mixed with only barite according to our CT results described below in this section, in agar, latex and silicone. Barite (10%) and gadobutrol (3 mL L À1 ) provided sufficient CT and MRI contrast, respectively (Table 4) . These contrast agents did not sediment in tubes.
In the end, we tested resin. When mixed with barite or iodine (for CT), but not with gadobutrol, the resin provided an emulsion polymerization reaction that could not be injected. The only CT contrast agents not providing any emulsion reaction were aluminum powder (7-20 g L À1 ) (Pauwels et al. 2014 ) and Lugol's iodine (20 mg L À1 ) (see Tables 2 and 3 ), but they did not provide sufficient contrast enhancements for in vitro tests.
To summarize, the best contrast agents according to our in vitro tests were barite at a concentration of 10% mixed with gadobutrol at a concentration of 3 mL L
À1
. Iodine and CuSO 4 or gadoxetic acid were very simple to use but sedimented slightly in vitro. Concerning the solutions, latex, agar and silicone showed similar satisfactory results, whereas resin was unworkable.
Ex vivo results
Imaging results using latex mixed with CuSO 4 or gadoxetic acid (for MRI) and barite or iodine (for CT) are shown in Fig. 1 . Despite very encouraging in vitro results, latex mixed with CuSO 4 did not provide any contrast in ex vivo studies, whatever MR sequences were tested. Gadoxetic acid provided good MRI contrast, but the reconstruction of an arterial tree was not possible because of contrast agent extravasation. We tried to inject the gadoxetic acid in the MRI suite to shorten the delay between the injection and the MRI imaging but this did not prevent gadoxetic acid extravasation. CT scan showed the same contrast agent extravasation with iodine (Fig. 1A,B ) but barite provided excellent contrast (702.8 HU, Fig. 1C,D ) with a precise arterial tree on 3D reconstruction (Fig. 1D) .
We tested gadobutrol (3 mL L
À1
) as a contrast agent mixed with latex for MRI, as it is known to remain longer in the blood vessels. Injections into pig liver hepatic artery were performed in the MRI suite just before imaging to prevent any extravasation during the acquisition. The mixture gadobutrol-latex provided satisfactory contrast (enhancement efficiency 89%), allowing correct 3D reconstruction of the arterial tree ( Fig. 2A,B) . The mixture latex-gadobutrol-barite also provided excellent results at CT (996.3 HU) (Fig. 2C) .
We then investigated agar and silicone. Following our in vitro results, only gadobutrol (3 mL L
) mixed with barite (10%), as contrast agent for MRI and CT, were used. Injections were always performed in the MRI suite just before imaging. The agar-gadobutrol-barite mixture provided adequate contrast, both at MRI (enhancement efficiency 150%) and CT (451.3 HU), but this mixture could not reach the distal ends of the arterial branches, probably because the agar cooled down too fast (Fig. 3A,C) . The mixture silicone-gadobutrol-barite provided satisfactory contrast, both at MRI (enhancement efficiency 93%) and CT (510.5 HU), allowing nice 3D reconstructions of the arterial trees (Fig. 3D,F) . Latex alone arterial trees (Fig. 4) . Unfortunately, the mixtures of aluminum or nutritional iodine did not provide homogeneous or sufficient contrast at CT.
According to in vitro and ex vivo porcine results, the most interesting mixture is composed of colorized latex, gadobutrol and barite. The protocol allowed correct CT and MRI imaging, as well as accurate gross dissection (Fig. 5) .
Discussion
In our work, all mixtures were first tested in vitro to adjust concentrations, and then tested on ex vivo pig livers and one human pancreas.
We chose pig liver because it provides an excellent model in anatomy and experimental surgery as it is technically simple to remove, easily obtainable and presents a similar anatomy, physiology and size to human liver (Baulieux et al. 1972) .
Cast products
In this study we tested the most common molding products, easily obtained in most stores for any anatomy laboratory. Leonardo da Vinci and Jakobus Berengius were the first in the beginning of the 16th century to realize wax cast of hollow anatomic structures (Grabherr et al. 2007 ). For vascular trees, this protocol implies injection of a suitable material into the vascular system, where it hardens. Various casting materials have been tested over the years, such as mixtures of lead, bismuth, cadmium, celluloid and celloidin. Nylon, neoprene latex and different resins were introduced later, in the beginning of the 20th century (Grabherr et al. 2007) . Latex is largely used for gross dissections (Stokes et al. 1998; Zenn & Heitmann, 2003) and as a suspending medium for various contrast agents, giving homogeneous mixtures (Stokes et al. 1998; Godat et al. 2004) . Its fluidity facilitates and optimizes the injection, and results in deeper penetration, allowing excellent distribution in distal vessels (Bergeron et al. 2006; Alvernia et al. 2010) . When colored with classical pigments, it can easily be identified during dissection. Its elasticity maintains the integrity of the vessels. Liquid latex contains about one-third latex and two-thirds water. As it dries, it solidifies to a rubbery consistency, in 15-20 min in very small vessels, but hours or even days in very large vessels. Ventilation and heating system may accelerate the setting of the latex.
Colored silicone is largely used in dissecting rooms (Sanan et al. 1999; Zhao et al. 2002) . Silicone should be diluted up to 30% in our experience, because this component was of course not viscous enough to allow manual injection. Many producers sell fluids that will lower the viscosity of silicone rubber products. Unfortunately, tensile strength after hardening is reduced in proportion to the amount of diluents added. Once the hardener has been incorporated (5%), setting time varies from 20 to 30 min, allowing an injection without feverish haste. In our experience, as others (Grabherr et al. 2007; Alvernia et al. 2010 ), silicone injection is very tricky compared with latex injection.
Polyurethane resin is composed of two components: the resin and the hardener. It hardens very fast but it is easy to find resin that hardens in 30 min. It does not give off any odors and is safe to handle. Resin polyurethane is resistant against acids and can be used for the injection-corrosion technique (Meyer et al. 2007 ). In our experience, mixing the resin with iodine and barite produces an emulsion reaction, preventing its use for any injection.
Other teams reported their results using epoxy resin without emulsion reaction, but degassing. They underlined the toxicity of their experiments, necessitating specific, expensive equipment (Bulla et al. 2014; Kingston et al. 2016) .
Gelatin and agar are largely used for injections because they are easy to obtain and to handle (Plaisant et al. 1998; Thomas et al. 2005; Mahato, 2016) . Some teams consider this injection protocol a 'gold standard' (Bergeron et al. 2006) . Gelatin can be mixed with all contrast agents such as lead oxide, lead phosphate, barium iodine, and gadolinium (Plaisant et al. 1998; Bergeron et al. 2006 ). This technique requires warming the mixture just before injection. Unfortunately, it hardens quickly, especially if the injected organs are cold.
Contrast agents
Current contrast agents can be categorized as corpuscular preparations, oily liquids, hydrosoluble solutions or casts (Grabherr et al. 2007 ). In the present study, we focused on casts (contrast agent in a suspending medium that hardens), since our aim was to be able to dissect vessel trees after imaging. In this study we tested the most known contrast agents for CT. Iodine is largely used in clinical practice as a radiopaque marker. The hydrosoluble solutions are easily injectable and essential for in vivo imaging (Liu et al. 2012) . Nevertheless, traditional injectable iodine alone is rarely used in postmortem injection since it rapidly diffuses through vessel walls when dissolved in water, as we have shown, and contributes a relatively poor amount of radiopacity (Grabherr et al. 2007; Young et al. 2008) . Lead oxide was considered the standard for blood vessel visualization, used by numerous teams (Rees & Taylor, 1986; Bergeron et al. 2006) , habitually mixed in gelatin, latex or silicone. For example, Segerberg-Kottinen introduced the silicone rubber-lead oxide technique in 1987 (SegerbergKonttinen, 1987) , the most practiced method for microangiography. Nevertheless, because of its high toxicity, lead oxide requires special precautions to be handled and cannot be used routinely in laboratories without expensive, specific equipment (Quinodoz et al. 2002; Kingston et al. 2016) . Some manufacturers have developed special casting materials for microangiography (Jorgensen et al. 1998; Djonov et al. 2000) but these are very expensive and not suitable for macro-organ injections. Barium sulfate is a wellknown radiographic contrast agent, first described in 1920 (Bergeron et al. 2006) . Typically water-soluble, it is generally mixed with gelatin or latex. Its ability to provide contrast is solvent-dependent (it enters capillaries when dissolved in water but not in gelatin) (Young et al. 2008 ). However, interest in this agent has gained renewed interest, as lead oxide cannot be routinely used any longer (Quinodoz et al. 2002; Kingston et al. 2016) . Barium sulfate has recently been proved to be more accurate than lead oxide for high resolution micro-CTs and is preferred due to its non-toxicity (Blery et al. 2016; Kingston et al. 2016) . Contrary to iodine, barium sulfate does not diffuse through vessels in postmortem studies.
MRI is the best tool for investigating organ parenchyma and soft tissues (Plaisant et al. 1998; Grabherr et al. 2015) . The introduction of postmortem MRI studies for forensic investigations, compared with conventional autopsy, has brought great benefits, in particular MRI angiography (Grabherr et al. 2015) . For these reasons, despite the difficulties of accessibility and the time needed for the imaging sequences, MRI studies on injected ex vivo organs should be part of anatomic work (Plaisant et al. 1998; Grabherr et al. 2007; Ruder et al. 2014) . Nevertheless, the development of the best MRI contrast agent for postmortem or ex vivo studies remains a challenge (Bruguier et al. 2015; Grabherr et al. 2015) .
Gelatin and agar, used alone or mixed with various contrast agents, are known as excellent markers for MRI (Schindel et al. 2013) , as confirmed by our results. Nevertheless, vessel trees injected with gelatin or agar is too soft to dissect and will not give an accurate cast of vessel trees. Gadolinium is the most classical contrast agent for MRI studies and copper sulfate has been reported as an accurate MRI marker (Schindel et al. 2013 ). Nevertheless, alone or mixed with latex, resins or silicone, gadoxetic acid or copper sulfate can distribute to the extracellular space quickly and freely (Aime & Caravan, 2009 ). This extravasation, as reported in our study and by other teams, makes the use of these agent impossible, in particular in ex vivo studies (Grabherr et al. 2007 ).
Gadolinium mixed with gelatin is currently the injection medium of choice for MRI studies, since the rapid hardening of gelatin prevents extravasation of gadolinium (Plaisant et al. 1998) . Nevertheless, without an radiopaque agent this mixture does not allow CT studies and the problem of the dissection using gelatin remains.
Gadobutrol (Gadovist â ) is a non-ionic, macrocyclic gadolinium-based contrast agents with high T1-relaxivity (Michaely et al. 2017 ). The macrocyclic chemical structure contributes to the high kinetic stability of gadobutrol compared with linear contrast agents, and is associated with a lower propensity to release gadolinium ions (Prince et al. 2017) . Gadobutrol is known to be less likely to diffuse throughout tissues and microvasculature (Helms et al. 2016 ). In our experience, gadobutrol is the best contrast agent for MRI for its stability in cadaveric vessels, but should be injected just before the imaging. Several studies have reported different injection protocols and imaging parameters. In particular, oily contrast agent allows for high-contrast angiographic images in MRI studies since oily liquids are retained by vessels for longer periods without extravasation. Angiofil â (Fumedica, Muri, Switzerland) enabled detailed vascular assessment and revealed the utility oily contrast agent for postmortem MRI imaging, providing complete gross anatomic diagnoses similar to autopsy (Bruguier et al. 2015) . However, this preparation does not harden, making it impossible to dissect after imaging. Moreover, it is not miscible with CT contrast agents and its ability to penetrate the microcirculation is viscositydependent (Grabherr et al. 2007; Young et al. 2008) .
To the best of our knowledge, none of the ex vivo studies defined what a 'good' contrast should be, or proved scientifically the capacity of the cast to distribute to very distal vessels.
Difficulties encountered with injections
Injections with latex were simple, easy to perform with very reproducible results. Nevertheless, the hardening of the product might be time-consuming for the largest vessels or cavities. Agar needed to be boiled before mixed with contrast agent, and should be injected at a temperature below 50°C to avoid burning the injected vessels. As a consequence, it hardened fast in cold ex vivo organs and distal small vessels were not always filled with contrast agents. Furthermore, solidified agar remained fragile and dissection of small vessels was not possible. Nevertheless, agar is very simple to produce and to inject. Silicone should be extremely diluted, with more than 30% of diluents in our experience (although manufacturers usually recommended 10% maximum). As a consequence, it was not hard enough to allow correct castings. In spite of the dilution, injection with silicone was difficult because it was not fluid enough and the injection could not be monitored correctly. Injection of resin was not very difficult since we used a polyurethane resin which hardened slowly. Nevertheless, the mixture remained relatively viscous, probably due to the gadobutrol, aluminum or nutritional iodine. The high injection pressure, as for silicon, and the necessity of mixing the different chemical components for a long time, led sometimes to inhomogeneous contrast, artifacts and occasionally the formation of bubbles ( Figs 3E and 4A,C) , as reported by other authors (Jackowski et al. 2008; Grabherr et al. 2014) .
Recommendations
As far as we know, this is the first report of a study comparing the most popular products for ex vivo injection, that allowing contrast enhancement both for CT and MR imaging studies and that harden to allow gross dissection of the vessel trees or anatomic cavities. This injection protocol allows comparative anatomical analysis of the vascularization of cadaveric specimens. Some authors have reported their techniques of injecting a contrast agent and casting product material for CT studies following by dissection (Bergeron et al. 2006; Bulla et al. 2014) or combining MRI and CT contrast agents but without dissection (Plaisant et al. 1998; Grabherr et al. 2007) .
The aim of our study was to take stock of the current techniques for ex vivo injections. We selected the mixtures that allowed both computed tomography and magnetic resonance imaging studies on the same anatomic specimen, and that were able to harden for gross dissection.
Our results allow us to provide the best protocols for ex vivo anatomic studies: 1 For ex vivo MRI study without gross dissection, oily contrast agent should be used, such as Angiofil â (Bruguier et al. 2015) or any oily agent. For ex vivo CT study without gross dissection, a mixture of agar or gelatin and barite should be used, since it is easy to inject although difficult to dissect. 2 For ex vivo study combining MRI and CT without gross dissection, a mixture of agar or gelatin, gadobutrol and barite should be used. The injection can be performed hours before imaging. 3 For ex vivo study combining CT and MRI imaging and gross dissection, a mixture of colorized latex, gadobutrol and barite should be used and injected just before imaging.
To conclude, the development of imaging techniques has made it possible to observe anatomical structures in much 
